ABSTRACT During differentiation of Myxococcus xanthus, a large amount of protein S is produced and assembled on the surface of the myxospore by a process that specifically requires Ca2".
A Gram-negative bacterium, Myxococcus xanthus moves by gliding on a solid surface and undergoes a unique developmentaL-cycle, forming fruiting bodies upon starvation (for review, see ref. 1). During fruiting-body formation, production of a development-specific protein called protein S is induced, and it accumulates in a large amount (2, 3) . Protein S assembles on the surface of myxospores in the presence of Ca2" (3) . Protein S has been purified and crystallized (4) and a preliminary x-ray crystallographic study also has been carried out (5) . Recently, its gene was cloned, and it has been shown that, in the M. xanthus chromosome, the two genes for protein S are tandemly repeated in the same direction within a short distance (6) . We determined the DNA sequence of the entire region covering both genes, enabling us to deduce the amino acid sequences of the products of these genes. The primary structure of protein S and its other properties show several common features with eukaryotic calmodulin.
MATERIALS AND METHODS
Plasmids. Plasmids pSI001, pSI002, and pSI003 (6) were used for DNA sequence determinations. The 3.0-kilobase (kb) BamHI fragment harboring gene 1 (6) also was cloned into pBR322 in order to determine the DNA sequence of the region upstream of gene 1, and the new clone was designated pSIO04. DNA Sequence Determination. The DNA sequence was determined by the method of Maxam and Gilbert (7 (6) . It was found that the two homologous genes for protein S (gene 1 and gene 2) are tandemly repeated in the same direction within a short distance on the M. xanthus chromosome. In order to determine the entire DNA sequence of the region encompassing both gene 1 and gene 2, the following four clones were used: pSIO01, carrying the 9.7-kb HindIII fragment, which harbors both gene 1 and gene 2; pSIO02, carrying the 1.0-kb HindIIIBamHI fragment, which harbors only gene 1; pSI003, carrying the 2.2-kb BamHfI-BamHI fragment, which harbors only gene 2 (6); and pSIO04, carrying the 3.0-kb BamHI fragment, which harbors gene 1. The sequencing strategy is summarized in Fig.  1 . Thus, the DNA sequence of 3,692 bp encompassing both gene 1 and gene 2 was determined and is shown in Fig. 2 . In this sequence, we found an extra BamHI site (residues 1,368-1,373) that is only 40 bp from the first BamHI site (residues 1,408-1,413; see Fig. 1 ). The small BamHI fragment of 40 bp could not be detected in the agarose gel system used previously (6) .
The DNA sequences (A-T-G-A-A-C-A-A-C-A-A-C-A-C) that hybridized with the synthetic oligonucleotide probes are from residue 970 to 983 for gene 1 and from residue 2,879 to 2,892 for gene 2. Because these DNA sequences correspond to those that would code for a part of the carboxyl-terminal end of protein S, Met-Asn-Asn-Asn-Thr, the amino acid sequences of the gene 1 and the gene 2 products were deduced from the DNA sequences by extending the reading frames in both the aminoand the carboxyl-terminal directions. As shown in Fig. 2 , the gene 1 and the gene 2 products thus were assigned as a protein of 175 amino acid residues (Mr, 19, 235 ) and a protein of 173 amino acid residues, (Mr, 18, 792) , respectively. Val-Asp-Leu-Pro-X-Gly-X-Tyr-Thr-X-Ala-Gln-Leu-Ala (unpublished data). This result clearly indicates that the major protein S product during development is derived from gene 2 and that translation of gene 2 is initiated from the methionine residue immediately before the amino-terminal alanine (Fig. 2 ). The conclusion that protein S is the gene 2 product is supported also by the carboxyl-terminal structure of protein S, which has been determined to be either isoleucine or serine (4) , while the carboxyl-terminal end of the gene 1 protein is proline (Fig. 2 after the termination codon of gene 1, the G+C content also suddenly increases to 70%, and this high G +C content is maintained in a long sequence of a little more than 1 kb (from residue 1,009 to 2,050) (see Fig. 4) . The G+C content then again drops to 63% in the region of ==350 bp immediately upstream of the initiation codon of gene 2 (from residue 2,051 to 2,392). The G +C content of the gene 2 coding region is 60% as described previously, and the G +C content again increases to 67% after the termination codon of gene 2 (see Fig. 4 ). In Fig. 4 Fig. 4 ; from residue 1,317 to 1,562) and another protein of 135 amino acid residues (b in Fig. 4 ; from residue 1,496 to 1,900). There are also three relatively long sequences of an open reading frame in the opposite direction in the space region-one protein of 65 amino acid residues from residue 2,224 (see Fig. 2 ), another protein of amino acid residues from residue 2,088 (see Fig. 2 ), and the third protein of 103 amino acid residues from residue 1,468 (see Fig. 2 
